Background Studies suggest, even when controlling for disease severity, socioeconomic status, education, and access to care, racial and ethnic minorities receive lowerquality health care and have worse perceived pain and function before and after total joint arthroplasty. Question/purposes We evaluated the influence of race and ethnicity on well-being, pain, and function after total joint arthroplasty and determined whether race, ethnicity, sex, and joint involvement influenced perceived function and pain after total joint arthroplasty.
Introduction
Total joint arthroplasty (TJA) relieves pain and improves functional ability secondary to knee and hip osteoarthritis [9, 10] . Several authors note disparities in the use of TJA among African Americans [5, 18, 40] .
One report suggests minority populations are less likely to perceive any benefit and are more likely to recognize barriers when considering TJA [3] . Compared to whites, some minority populations are less likely to use this extremely effective procedure. For example, the rate of a particular race/ethnic group who undergoes TKA is much higher for whites when compared to Hispanics and African Americans [38] .
When compared to whites having THA or TKA, Hispanics and African Americans present with worse preoperative function [39] and higher incidence of infectionrelated complications [25] .
Woman tend to experience less improvement in perceived function 6 months after THA [34] . Further, when compared to men, women are more likely to need assistance with walking and completing household chores 1 year after THA [23] . After TKA, women present with lower knee function scores than men [33] and require greater dependence on walking aids for 2 to 5 years after the intervention [37] .
Recent prospective, randomized trials did not report race and ethnicity as covariates when analyzing data [6, 14, 31, 35, 36, 41] . Most of these studies disregard the importance of how these variables might influence patient well-being, perceived pain, and physical function, even though evidence shows fear, expectations, and treatment preferences clearly vary between different racial and ethnic backgrounds [12, 21, 29] .
Considering the fact that patient characteristics can potentially influence functional levels after surgery, we determined whether race and ethnicity influence patientperceived measures of well-being, function, and pain before and at minimum 2 years after primary TJA and whether race, ethnicity, sex, and joint involvement influence perceived function and pain after TJA.
Patients and Methods
We prospectively collected all data for inclusion in a joint registry. For this study, we retrospectively reviewed the records of all patients within our joint registry who underwent primary THA or primary TKA from June 1992 to June 2007 and had complete preoperative evaluation for all measures. Of the 1834 eligible patients, 1749 (739 patients who had THA and 1010 patients who had TKA) were included in the study. We excluded 85 patients (5%) secondary to having incomplete data at least 2 years postoperatively. Patients had surgery secondary to failed nonoperative treatments (medication, rehabilitation, and assistive devices), resulting in disabling pain. We obtained sociodemographic information from a self-administered questionnaire given to patients at their first office visit. The mean age of the cohort was 65.32 years (SD, 13.1 years); 68.1% were women. There were 1136 (65%) patients who were self-classified as white Hispanic, 392 (22%) as white non-Hispanic, 160 (9%) as African American non-Hispanic, and 61 (4%) as African American Hispanic (Table 1) . Of the 739 patients with THA, 98 (13%) had bilateral THAs and of the 1010 patients with TKA, 234 (23%) had bilateral TKAs ( Table 2 ). The underlying diagnosis was osteoarthritis (83%), rheumatoid arthritis (8%), avascular necrosis (7%), posttraumatic osteoarthritis (0.8%), femur neck fracture (0.5%), developmental dysplasia of the hip (0.5%), psoriatic arthritis (0.1%), and postseptic arthritis (0.1%). The minimum followup was 2 years (mean, 5.1 years; range, 2-16 years). All subjects gave written consent to be included in the joint registry, which the hospital's institutional review board approved.
A single surgeon performed all surgeries (CJL). For THAs, the surgeon used a modified direct lateral approach (Hardinge) surgical technique and a press-fit technique for the femoral component and the acetabular components. In all patients, the surgeon used screws in the acetabular component for supplemental fixation. We permitted full weightbearing as tolerated on Postoperative Day 1 and utilized an abduction pillow at all times whenever in bed. If we operated on the patient in the morning, we initiated supervised physical therapy in the afternoon or on the next day if we operated after midday. Acute care services performed physical therapy two times per day until discharge and included transfer (sit-to-stand), gait (with standard walker), and bed mobility training. Therapeutic exercises included active and passive ROM, gluteal and quadriceps isometric exercises, and resistive exercises using weights or manual resistance. After acute care services, we typically discharged the patient for home health care, which included physical therapy three times per week for 4 weeks.
We treated each TKA in a similar manner. The surgeon approached all knees through a medial parapatellar incision. Once the desired implant position and soft tissue balance was achieved, the surgeon tested varus-valgus laxity and AP laxity in extension and in 90°of flexion. On completion of the procedure, we initiated continuous passive motion in the recovery unit starting at 0°to 30°, increasing 10°a day, and discontinued it when the patient reached the target of 85°to 90°of flexion. We encouraged patients to ambulate using a walker the first day after surgery. If we operated on the patient in the morning, we initiated supervised physical therapy in the afternoon or on the next day if we operated after midday. We used perioperative antibiotics for prophylaxis and a standard protocol of postoperative warfarin for thromboembolism prophylaxis. In the absence of complications, we discharged most patients 3 to 4 days postoperatively. Physical therapy and discharge disposition were similar to those used in THA.
We scheduled routine followup evaluation at 3 months, 6 months, 1 year, and yearly thereafter. At these intervals, we evaluated the patients using a long-arm goniometer for hip and knee ROM. We also took radiographs; AP and lateral radiographs were taken with the patient standing. Both before and after surgery, at 1-year intervals, we collected the patients' Quality of Well-Being (QWB) scores, SF-36 scores, WOMAC scores, orthopaedic knee scores (Hospital for Special Surgery [HSS] score, Knee Society knee score [KSKS]), and orthopaedic hip scores (Harris hip score [HHS], Merle d'Aubigné-Postel score).
Kaplan and Bush [27] developed the QWB index to assess general quality of life. The QWB combines preference-weighted values for symptoms and functioning. Symptoms are assessed by questions about the presence or absence of different symptoms complexes. Functioning is assessed by three separate domains (mobility, physical activity, and social activity). The four domain scores are combined into a total score that provides a numerical pointin-time expression of well-being ranging from 0 (for death) to 1.0 (for asymptomatic optimum functioning). This index is validated for use in a variety of populations, including African Americans and Hispanics. We used this outcome measure preoperatively and at each postoperative followup.
The SF-36 is a validated measure of general physical and mental health status assessed for content and construct in various populations, such as African Americans, Hispanics, and whites [4] . The SF-36 contains eight different subscales. For this study, we used the physical function, bodily pain, social function, and physical component scores as outcome measures preoperatively and at each postoperative followup. All domains are scored separately on a 0-to 100-point scale, with higher numbers representing better health status. The pain and function subscales are the most sensitive to change in osteoarthritis patients after surgery.
The WOMAC is another current standard for evaluating results of TJA [7] . It is designed to provide information on three dimensions: perception of pain, stiffness, and physical function. The WOMAC consists of 24 items (five for pain, two for stiffness, and 17 for function). Point values from 0 to 4 are assigned to each response, and scores are totaled for each category. We used the pain, physical function, and stiffness scores as outcome measures preoperatively and at each postoperative followup.
The HSS considers the following: (1) function or walking ability, (2) transfer ability, (3) ability to climb stairs, (4) ROM, (5) muscle strength, (6) flexion deformity, and (7) instability. The points are subtracted from the total score for residual extension lag, varus and valgus deformity, and use of external aids. A perfect score is 100 points and an arthrodesed knee achieves 60 points on this scale. An excellent result is scored between 85 and 100 points, good 70 to 81, fair 60 to 69, and poor less than 60 points [1] .
The KSKS is the evaluation system for knee rating and functional assessment. The main parameters evaluated in knee assessment are pain, stability, and ROM; 100 points are obtained by a well-aligned knee with no pain, 1258 of motion, and negligible AP and mediolateral instability. Patient function is judged by walking distance and stair climbing, with deductions for walking aids. The maximum function score (100) is obtained by a patient who can walk an unlimited distance and go up and down stairs normally [26] .
The HHS is based on a scale of 100 points and the maximum possible scores are pain (44), function (47), ROM (5) , and absence of deformity (4) [22] . Of a total of 100 points, 100 to 90 points are considered excellent; 89 to 80, good; 79 to 70, fair; and less than 70, poor [22] .
The Merle d'Aubigné-Postel score is a functional hip score designed to provide information on three dimensions: pain, mobility, and ability to walk. All domains are scored separately on a 0-to 6-point scale, with higher numbers representing better functional grading status (a very good score is P [pain] + W [walking] = 11/12; good, 10; medium, 9; fair, 8; poor, 7 or less). If the mobility is reduced to 4, the result is classed one grade lower. If the mobility is reduced to 3 or less, the result is classed two grades lower [13] .
We stratified the patients into four classifications: African American non-Hispanic, African American Hispanic, white non-Hispanic, and white Hispanic. We used an analysis of covariance before and at postoperative followup to determine differences between groups who had TKA and THA. We entered all dependent measures into the model, with sex as the covariate. For the postoperative analyses, we used preoperative scores of all dependent measures as covariates in the model. We completed all pairwise comparisons as followups to determine differences among the four races by ethnicity subgroups. Also, we used a multivariate regression analysis to determine the influence of race, ethnicity, sex, and joint involvement on postoperative outcomes for individuals with TKA and THA (entire cohort). We entered all data into the joint registry via the Patient Analysis & Tracking System (Axis Clinical Software Inc, Portland, OR) and extracted data into Excel 1 (Microsoft Corp, Redmond, WA) to create spreadsheets. We completed all statistical analyses using SPSS 1 (Version 15.0; SPSS Inc, Chicago, IL).
Results
For all individuals who had TKA, white non-Hispanics presented with better scores preoperatively for the majority of dependent measures, except for perceived joint stiffness, where white Hispanics had better scores (Table 3 ). For the majority of dependent measures, African American non-Hispanics had worse preoperative scores compared to white non-Hispanics and/or white Hispanics (Table 2) . Postoperatively, African American non-Hispanic individuals presented with worse outcomes compared to white non-Hispanic individuals for the QWB and SF-36 physical component score. Further, African American non-Hispanics perceived worse quality of well-being, physical function, and knee stiffness than white Hispanics (Table 4 ). Postoperatively, African American Hispanic individuals, on average, had worse values for the HSS knee score than African American non-Hispanics, whites, and non-white Hispanics. Interestingly, when controlling for preoperative scores, white non-Hispanics scored worse on the QWB, WOMAC physical function and stiffness dimensions, and KSKS. On average, white Hispanics had worse scores for the HSS knee score and KSKS compared to white non-Hispanics and African American Hispanics, respectively. Preoperatively and postoperatively, sex influenced a multitude of dependent measures ( Table 5 ). For individuals who had THA, white non-Hispanics presented with better scores compared to the other groups. This was the case for the QWB; SF-36 physical function, bodily pain, social function, and physical component scores; and WOMAC function and pain scores ( Table 6 ). White Hispanics reported less perceived pain and stiffness before surgery compared to both African American Hispanics and African Americans non-Hispanic (Table 5 ). African American Hispanics and/or non-Hispanics had the worse scores for the majority of dependent measures preoperatively (Table 5) . At followup, white Hispanics and white non-Hispanics had less perceived pain and knee stiffness compared to African American non-Hispanics (Table 7) . Individuals who classified themselves as African American Hispanics had worse scores than white Hispanics and white non-Hispanics for the WOMAC pain dimension ( Table 6 ). Similar to the results of those who had TKA, sex was an influential factor in many dependent measures before and after surgery ( Table 5 ). Results of the multivariate regression indicated race, ethnicity, and sex influenced outcomes for different dependent measures over the entire cohort (Table 8 ). However, the coefficients of determination were quite low, indicating other factors were potentially influencing outcome.
Discussion
Disparities in the access to health care are well documented. Minorities, such as African Americans and Hispanics, are less likely to undergo TJA for severe osteoarthritis [15, 17, 28] . Our study set out to define the influence of race and ethnicity on patient-oriented outcomes before and after TJA and determine whether patient characteristics could predict perceived levels of well-being, physical function, and pain after surgery. There are limitations to this study. First, although our study was a retrospective analysis within our prospective joint registry, we excluded 85 patients (5%) owing to inadequate data. Given the relatively large number of cases, we suspect these exclusions would not modify the conclusions. Second, our patient population was predominantly white. This is consistent with population-based studies, showing, regardless of insurance status, TJA is underutilized by African American patients [16] . Third, the potential misclassification of race/ethnicity also remains an issue, particularly among Hispanic patients, as we utilized self-classification as reported by the patient on the intake questionnaire. Fourth, this was a single-surgeon study and our findings lack generalizability to the overall population. Finally, we did not account for bilateral cases, socioeconomic status, and level of education in statistical models.
In the preintervention period for TKA, the most common finding was that African Americans and Hispanics presented with worse perceived well-being and function compared to whites. Controlling for preoperative scores, at followup, African Americans had worse postoperative scores on five of the dependent measures of perceived wellbeing and function. Again controlling for preoperative scores, an interesting outcome at followup was that white non-Hispanics had worse perceived well-being, function, and knee stiffness, as well as worse scores on the KSKS. Before TKA, for six of the 10 dependent measures, women scored worse than men. However, at followup, women scored worse than men on only three of these dependent measures.
The common finding before THA was that white non-Hispanics reported better perceived well-being and function than African Americans and Hispanics. Postoperatively, and controlling for preoperative scores, African Americans presented with worse scores on only two dependent measures (pain and joint stiffness) than whites. Before THA, women scored worse than men on all dependent measures. This finding remained at postoperative followup, as women scored worse than men on eight of 10 dependent measures. Although we found sex, race, and ethnicity predicted outcomes after TJA, our data suggest these factors only explained a very small portion of the patient-perceived outcomes, indicated by the low coefficient of determination. This suggests other patient-related factors, such as age, comorbidities, and preoperative function status, may account for some of the variability in outcomes after TJA. In an evaluation of outcomes after THA, based on the American Medical Group Association THA database, MacWilliam et al. [32] identified race and preoperative health status as predictors of pain and physical function. Their study reported African Americans had less improvement in bodily pain and physical function scores at 6 months postoperatively when compared to whites. Although we did not measure causality, the multifactorial origin of the disparities needs to be accounted for when defining a worse preoperative health status reported by minorities. There are physician indication biases and patient-related factors that may contribute to these differences. Some patient-related factors include ethnic differences in health valuation; African Americans are willing to pay lower amounts for joint pain relief or disability than whites [11] . At the same time, African Americans and Hispanics are less likely than whites to express willingness to consider TJA if the procedure is needed and recommended [24] and are more prone to the use of natural remedies, such as prayer, to help in the treatment of arthritis [2] . A recent publication describes how minority groups are more likely than whites to be uninsured or hold Medicaid insurance [8] .
In a system where providing care is based on a patient's ability to pay, their insurance status is an absolute disadvantage.
A recent investigation examined patient-related factors to identify predictors of poor outcomes in 551 patients undergoing TKA [20] and determined ethnicity was not a predictor of outcomes 3 years after arthroplasty. Additionally, several studies reported disparities in expectations, access to care, preoperative differences, and use of healthcare services among racial and ethnic groups, as well as rates of complications based on ethnic and racial backgrounds [19, 29, 30] , findings that could contribute to explain the multifactorial origin of these disparities.
In summary, our observations suggest race and ethnicity play a key role in perceived well-being, pain, and physical function before TJA. Although being African American or Hispanic was a negative factor for functional health status before TJA, by postoperative followup, the disparities were not as great or even resolved. Regarding patient characteristics, other patient-related factors may be stronger predictors of outcomes in arthroplasty. Further research is necessary to understand what factors contribute to longterm results after TJA and how these factors relate to racial and ethnic disparities before and after TJA. 
